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ABSTRACT [571 
A technique for packaging and Integrating of a micro- 
wave integrated circuit (MIC) or monolithic micro- 
wave integrated circuit (MMIC) with a waveguide uses 
a printed conductive circuit pattern on a dielectric sub- 
strate to transform impedance and mode orpropagation 
between the MIWMMIC and the waveguide. The vir- 
tually coplanar circuit pattern lies on an equipoteRtia1 
surfaee withir; the waveguide and therefore makes pos- 
sible single or dual polarized mode structures. 
14 Claims, 8 Drawing Figures 
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GENERAL TECHNIQUE FOR THE INTEGRATION 
OF MICAVMIC'S WITH WAVEGUIDES 
The invention described herein was made in the per- 
formance of work under NASA Contract Ne. NAS 
3-23250 and is subject to the provisions of Section 305 
of the National Aeronautics and Space Action of 1958 
(72 Stat. 435; 42 U.S.C. 2457). 
BACKGROUND OF THE INVENTION 
1. Field of the Invention 
The iwention relates to the packaging and mtercon- 
nection of microwave integrated ciqcuits or monolithic 
microwave integrated circuits with a waveguide struc- 
ture. (As used herein microwave integrated circuit will 
be taken generically to mean both microwave inte- 
grated circuits and monolithic microwave integrated 
circaits.) At both the transmit and receive ends of a 
microwave communications or radar system, energy 
radiators in the form of horns or slots are provided. It is 
necessary to transfer energy efficiently between micro- 
wave integrated circuits and these radiators. I~rorder to 
achieve efficient energy transfer, it is necessary to tmns- 
form the waveguide impedance and mode of propaga- 
tion to that of the micrcwave integrated circuits and 
vice versa. 
2. Description-of the Prior Art 
The prior art describes two techniques for providing 
impedance matching and mode conveision to effect 
energy transition between a microwave integrated cir- 
cuit and a waveguide. 
A first technique uses a coaxiaf connector element 
between-a waveguide and a microwave integrated cir- 
cuit. This technique has the disadvantages of relatively 
large size and weight, narrow bandwidth and consider- 
able insertion losses of the circuit, especially at high 
frequencies. Consequently, it is of little or no use for 
certain applications such a s  direct broadcast sate€lite 
transmission. 
The second technique uses a ridged waveguide trans- 
former inserted in the waveguide between a full height 
section of the waveguide and the microwave integrated 
circuit. This technique has the disadvantage of using a 
device requiring highly complex and precise machining 
steps during fabrication. In addition, positioning the 
transformer in the waveguide requires difficult assem- 
bly procedures. 
The introduction of monolithic microwave inte- 
grated circuits (MMIC's) has causal several additional 
problems directly related to their small size and fragil- 
ity. With microstrip, it is possible to contact the sub- 
strate with a coaxial center conductor or a flat metal 
tab-. Establishing a reliable contact is very difficult, if 
not impossible, with an MMIC circuit due to its fragil- 
ity. Consequently, it is necessary to package MMIC's in 
a way which maximizes performance and reliability and 
minimizes size and weight. 
SUMMARY OF THE INVENTION 
The invention relates to the incorporation of a micro- 
wave integrated circuit (MIC) or a monolithic micro- 
wave integrated circuit (MMIC) with a waveguide by 
attaching the circuit on a dielectric substrate having a 
predetermined electrical conductor pattern thereon and 
then locating thesubstrate within asection of the wave- 
guide. In a preferred embodimmt, an MMIC is either 
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soldered or epoxied directly ontoa metallized surface of 
2 
a ceramic substrate, with the substrate surface parallel 
to the electric field and approximately centered within 
the waveguide. On the metallized surface of the sub- 
strate, the structure includesa unilateral finline transi- 
tion from the waveguide to a slotline and a broadband 
balun for converting the balanced slotline mode to the 
unbalanced microstrip or coplanar waveguide (CPW) 
on the MMIC. 
It is an object of the present invention to couple an 
MMIC to a waveguide while transfarrniug the impe- 
dance and mode of propagation between the waveguide 
and the MMIC so that energy may be transferred effi- 
ciently between the structures. 
It is another object of the invention to integrate 
MMIC's with waveguides in a small lightweight pack- 
age which can be removed easily for adjustment or 
repairs and which allowmproducible and nen-invasive 
measurement of the M M K  chips. 
It is a further cbject of the invention t~ provide a 
device whieh may be used with rectangular, square or 
circular waveguides to accommodate dual, or orthogo- 
nally polarized electlric fields. 
It is a yetfurther object of the invention to provide an 
MMIC waveguide transition device that is reliable, less 
expensive and is simple ts fabricate, with €ittle or no 
machining. 
The aforemerioned and other objects and features of 
the invention will become mme apparent from the fol- 
lowing description taken in conjmction with the d raw 
ings. 
BRIEF DESCRIPTION OF THE DRAWINGS 
FIG, l a  is a depietion of a conventional waveguide 
transition device consisting of a stepped ridge trans- 
former. 
FIG. l b  shows ehe positionof the device shown in 
FIG. l a  positioned within a rectangular waveguiae. 
FIG. 2a shows an MMIC mounted on a waveguide 
transitiorrdevice according to a first embodiment s f  the 
present invention. 
FIG. 2b is a section view taken along the line A-A 
of FIG. 2a 
FIG. 2c shows a simplified waveguide transition de- 
vice according tcr another embodiment of the invention. 
FIG. 3 is a functional close-cp view of the baIun of 
FIG. 2c indicating the required wire bond and quarter 
wavelength short-circuited slotline section. 
FIG. 4 is yet another alternative balun structure 
which may be used in the present invention. 
FIE 5 is a graph showing the return loss and inser- 
tion loss performance of the present inventiomas a fune- 
tion of frequency. 
DESCRIPTION OF THE PREFERRED 
EMBODIMENT(S) 
FIG. l a  shows a conventional waveguide transition 
device consisting of a stepped ridge transformer 1. It 
can be seen that the device which, of necessity, must be 
very small, has a highly complex geometry requiring 
precise, sophisticated machining with Critical toler- 
ances. 
Now with reference to FIG. lb, the transformer of 
FIG. l a  is &own inserted within a rectangular wave- 
guide 3 which may be bolted to a radiator or other 
component (not shown) of a microwave system by 
means of flange 4. The transformer is electrically con- 
nected in circuit by means of a spring-loaded contact 2 
whieh engages microstrip tra-mission line 5. The mi- 
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crostrip transmission line runs along the length of a The finline connects to one end 16 of a semi-circular 
ceramic substrate 6 which has a metallic base plate (not slotline 18, the other end 20 of which comprises a short 
shown) forming a ground plane. circuit. A coplanar waveguide (CPW) structure 22, 
The position of the transformer must be such that it is etched into the metallized surface 12, is shown posi- 
in perfect alignment with the electric field present 5 tioned on a side opposite of the slotlines 18 from an 
within the waveguide. The stepped ridge transformer MMIC chip 24 which is soldered or epoxied directly on 
disallows its use in dual polarized applications since one a portion of metal surface 12. Wire 26 Passes Over the 
polarization will be cut off in the plane for which the slotline 18 and connects the CPW 22 with the MMIC 
device has not been aligned. chip 24 to effect energy transfer between the chip 24 
used herein, a finline is a general term for a type of 10 and the slotline through the magnetic and electric fields 
microstrip transmission line comprising a very thin present at this junction. The electric field across the 
metallized section On a substrate which forms a wall slothe 18 Produces a magnetic field Perpendicular to 
that down the length of a waveguide wherein two the transition plane, which couples to the magnetic field 
opposing walls form a gap therebetween and the elec- Of the wire 26. The balun according to the Present in- 
tric field is concentrated on the edges or “fin” of the 15 vention comprises CPW 22, the bottom half of semi-cir- 
cular slotline 18, dimensioned to equal a one-quarter 
the system in which the device will be used, and wire 
walls forming this gap. Ideal thin conductors are as- 
any point along the finline a voltage +V will be present 
sumed for the fins. It is a ‘‘balanced’’ device in that at wavelength of the center Of the Operating frequency Of 
on one wall edge and a voltage -V be present bond 26. The device may be tuned by adjusting the 
directly across from it while zero voltage will be pres- 2o length Of the short-circuited 
It readily can be seen that structures 14’, 16,  18‘, 20’, ent at the center of the finline. A finline must be posi- 22’, and 2 6  are configured similarly to their counter- 
parts discussed hereinabove. tioned within a waveguide in order for the electric field 
Two additional CPW structures 28 and 28’ are con- to propagate within the gap. This is in contrast to an unbalanced device which requires a conductor and a 25 netted to the MMIC by of wire bonds 29, 29, to ground plane wherein the conductor has some potential provide DC power to the MMIC device. 
Finline may be unilateral, i.e., both fins on the same side be the input side of the device wherein a propagated 
of the substrate or antipodal, i.e., one fin on one side of field in a waveguide is transformed to an input of the 
the substrate and another fin on the opposite side of the 3o MMIC and the right side of the Figure would be the 
substrate. A slotline is similar to a finline in that it is a output side of the device the output of the 
balanced device, however, it need not be positioned MMIC to a field for propagation in another section of 
balun is a passive circuit for transmitting energy from a end of the device, it will depart from the right end. 
device. A waveguide is a device wherein the electric section A-A of FIG. 20 showing the MMIC wave- 
field is found everywhere within the cross-section of the guide transition device 10 positioned within a rectangu- 
waveguide. lar waveguide 50. A pair of spring-fingered beryllium- 
FIG. 2a shows an MMIC waveguide transition de- copper rails (not shown) are mounted on the edges of 
vice lo according to a preferred embodiment Of the 40 the substrate to make contact between the gold metalli- 
present invention. For purposes of simplification, the zation of the substrate and the waveguide walls. The 
following discussion Will refer to the left side Of the metallized surfaces 12 and the edges of finline 14 are 
transition device. As can be readily seen, the device is Seen and the dielectric substrate 30 is also shown. It 
SYI’nmetriCal with respect to the Center line. A metal- should be recognized that FIG. 26 is “not-to-scale” as 
lized surface 12 is deposited on a dielectric substrate 30 45 the metallized surface has virtually no thickness relative 
which may be tYPica1lY a ceramic, such as alumina Or to the substrate. Further, FIG. 2b does not depict the 
beryllia. The substrate is metallized on only one surface. MMIC chip as its inclusion in the Figure is not neces- 
The metallization is removed, such as by etching, to cut sary to understand the invention. Since the circuit is 
a tapered, unilateral finline impedance transformer 14. virtually coplanar, it lies on an equipotential surface for 
The taper begins at both edges of the structure and 50 a horizontally polarized electric field and appears trans- 
converges inwardly. The taper may be sinusoidal, expo- parent to that polarization. 
nential, or stepped, as dictated by bandwidth, size limb FIG. 2 shows a variation comprising a stepped fin- 
tations, or other requirements. The most common real- line-slotline arrangement. The first three sections are 
ization of a transformer according to the present inven- quarter wavelength sections in the finline 52 and the 
tion would use a sinusoidal or exponential taper rather 55 fourth is a quarter wavelength section of the slotline 54. 
than a stepped, quarter-wavelength “taper” due to the Tuning is achieved as above by adjusting the short-cir- 
uncertainties associated with the characteristic imped- cuited stub 56 of the slotline. 
ances and discontinuities in a stepped transformer. A FIG. 3 shows a simplified close-up of the balun struc- 
disadvantage of the curved taper, however, is that it ture used in FIG. 2, including the required wire bond 
requires a greater length than the stepped version for a 60 and quarter wavelength short-circuited slotline section. 
given return loss. A general advantage of unilateral The other components and connections shown in FIG. 
finlines over antipodal finlines, is that in the presence of 2a would be required to fully implement the invention. 
two orthogonal fields, the former will couple almost A microstrip 40 is positioned on a ceramic substrate 42 
exclusively to the field with which it is aligned while which is adhered to the metallized surface 12 of the 
the latter will couple to both fields. This property 65 device. Wire bond 26 connects the microstrip to a por- 
makes possible dual polarized structures such as phased tion of the metalized surface on a side opposite to slot- 
array elements and dual mode filters. The present inven- line 18. Again, the length of the slotline from the bond 
tion utilizes unilateral finlines. wire to the short circuit end of the slotline is dimen- 
difference Or -v with respect to the ground plane‘ By way of example, the left side of the Figure would 
within a waveguide to propagate the 
balanced system or device to an  balanced system or 35 
A waveguides. Thus, assuming R F  power enters at the left 
FIG. 2b is an illustration of the device taken along 
4,636,753 
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sioned to equal one-quarter wavelength of the center of 
the operating frequency. The open circuit side of the 
slotline connects to the finline similar to that of the FIG. 
2a arrangement. The structure of FIG. 3 is simpler than 
that of FIG. 20 in that CPW 22 isnot required but the 
bandwidth of the FIG. 3 balun is not as great as that of 
the FIG. 2u. 
FIG. 4 shows another balun structure comprising an 
extended CPW 60 crossing through the slotline 18 
which may be substituted for the baluns described here- 
inabove. As above, it is understoodthat thcFigure only 
shows a variation on the balum structure and the other 
components and connections shown in FIG. 2a are 
required to implement the invention. Metallized areas 
12 are connected by means cf air bridges61 and 62 to 
establish it DC connection between sides of the metal- 
lized areasopposite the CYlV 60. This embocriment is 
useful if an MMIC is not to be mounted proximate to the 
slotline on the transition structure since the CPW can 
extend to any desired length. 20 
I 
FIG. 5 shows insertion loss curves and return loss 
curves as a function of frequency for an MMIC chip 
integrated with a waveguide transition device accord- 
ing to the present invention. The insertion bss is a mea- 
sure of the power lost between the input and the output 
and the return loss is a measure of the power reflected 
by the input p r t .  Optimal resnlts are achieved by mak- 
ing the insertion loss as !ow as possible and the r ebm 
loss as high as possible far a given frequency. Curve (a) 
shows the return loss of more than 25 dB for an operat- 
ing frequency of 19 GHz; Curve (b) shows that at 19 
GHz, there is an insertion foss of approximately 1 dE. 
Of this, approximately 0.4 dB is due to losses in the 
short microstrip sectionand 0.3 dB is due to each transi- 
tion. The latter figure may be further reduced by use s f  
a substrate with a smoother surface. These performance 
figures are comparable to or better than many conven- 
tional waveguide transition devices which in many 
cases are impractical or impossible to use in given appli- 
cations as discussed above. 
Electrically, the present invention will couple, with 
very tittle loss of power, between a waveguide and an 
MIC/MMIC in single or dual polarized systems. Me- 
chanically, it provides a single-piece, rugged and easily 
reproduced m&le that can be produce& inexpen- 
sively. Finally, the use of beryllia for the substrate mate- 
rial allows for a low thermal resistance structure. 
Although the invention has been described and 
shown in terms of preferred embodiments theresf, if 
will be understood by those skilled in the art that 
changes in form and details may be mads therein with- 
out departing from the spirit and scope of the invention. 
What is claimed i s  
1. A microwave transition devke for coupling a 
waveguide and a microwave integrated circuit, said 
transition device being-located within said waveguide 
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for alignment with an electric field having microwave 
energy, said device comprising: a dielectric substrate 
having a metallized surface on only one side thereof; a 
unilateral finline formed in said metallized surface at an 
end portion of said substrate; a slat!ine fwmed adjacent 
to said finline on said metallized surface and connected 
to said finline at one end thereof; and a balun positioned 
proximate to said slotline, said microwave integrated 
circuit being attacked- to said metallized surface and 
connected to said k h n ,  wherein said balun comprises a 
portion of said slotline equal in length to 4 of the wave- 
length of the electric field and a wire bond, passing over 
said portion of said slotline, and connecteOat one end to 
said microwave integFated circuit and at an apposite 
end to said metallized surface. 
2. The device of claim L wherein said microwave 
integrated circuit is an MMIC. 
3. The deviceof claim 1 wherein the finline is realized 
with an inwardly converging, sinsuo-idally tapering 
4. The device of claim 1 wherein the f inhe  is redized 
with an inwardly converging, exponentially tapering 
configuration. 
5. The device of claim 1 wherein the finiine is realized 
with a stepped, quarter-wavelength configuration. 
6. The device of claim 1 wherein said device supports 
onlya single polarization. 
7. The device of c l im  1 wherein sai& balun furthr 
comprises a coplanar waveguide positioned on B side 
opposite of saidslotaine from said microwave integrated 
circuit said wire b o d  connecting wid coplanar wave- 
guide to said microwave circuit. 
8. The device of c!aim 7 wherein said s lotbe is in the 
configuration of a semicircle and said portion of said 
slotline forms 4 of said semicircle extendlng from a 
midway point of said dotline to a short-circuikd end of 
said slotline opposite to an open-circaitel end a n -  
nected to said fin!ine. 
9. The device of claim 7 wherein said device supports 
only a single pol&zatiQrr. 
10; The &vice of claim 1 wherehi said balun further 
comprises a coplanar waveguide intersecting said slot- 
line. 
11. The device d claim M hrtker comprising air 
bridges for connecting surfaces of said metallized sur- 
face on either side of said coplanar waveguide to form 
continuous wail edges of said s lothe intersected bysaid 
60plmitr wmcguideL 
12. The device of claim E wherein said substrateis a 
ceramic material. 
13. Tfie device sf claim 12 wherein &d ceramic 
material is beryllia. 
E4. The device of claim 12 wherein said ceramic 
material h alumina. 
configuratirm. 
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